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METHODS OF SECONSTKUCTEP EMBRYO TRAKSraR 



JSadigraund ofthejnymnon 
R£eeivtly, deveiopTTients in area of cloning and clcmmg procedures have 
expanded- For exaipplc, there have bcca several r^oiis of live births af aiwaaU using 
cloning procedurps. Live \wb^ ware produced foUowln^ nuclear trmsfer of uilturcd 
embryonic disc cells. Camptell ei al. (1996) Nai^ra 38D:&4^8- CanqsbeU BS ai. disclooc 
mclliods of Traasfcning the aucleiis of a quiescern cell into an enucleated oocyte to form 
a reconscmcicd embryo. The rcconsmicted embryo was dev4oped until the moiyla tn 
blastacysi stage in vivo prior vq traasfcr ioio a ftcipico: fcaiale. 

other Ttspons of the live births of cloned mamwaaU hacvB also relied upon the 
transfer of a muxnsTnictBil emtiryo alter U tias readied ihc blaswcyst siagw of 
embryogBTicsijS- 

Summavy of the Jnv&auaui 

The present invenuon is based, in pan, on die discovGary that a recoro&trucicd 
embryo whicb is transferred into a recipient mammal at the two in four cell saage of 
embiyogenesis ciu develop into a cIoueC mammal. The mammal can be an embryo, a 
fcTus, or A po£t natal mammal, eg., an adult mannnaL 

A^^co^di»gJy, in one aspect, the inventicsn rearms a maihod of producing a. non- 
buman manrmnl, e.g., a clonj»3 ma£vmal, e.g., a goat, cour, pig, hjorBe,. Khecp, llama, 
camel. Tbc method includes maintaiaaiag a inammalian reoonstrucied embryo, e.^, a 
TJtcortstructed embryo whcsrein the genome is derived from a somatic cell, in culmre until 
tjac embryo is ia tSic 2 to 8 cell stage^ traasfemu^ ;b«? embryo at the 2 to 8 cell stage into a 
ra;ipicm mammal, and allowing the xcconstnicted eynbryo to develisp into a mammal, to 
thereby prodnce a mammal 

Txx & preferred cmbodimeni, 4ie mammal develops ^x^m the rwon&tructed embf^^. 
In another cmbodinsenx, the mamxnal is a dcsccndrtnt of a mmunal which developed from 
lbs rwQnatrucxs^ embryo- 



1» % preferred esnbodiment, ihc rcconstmoed esnhryo is maintained in culmre 
imtil the embryo is in the 2 lo 8, tbe 2 tn 6, the 2 lo 4 cell atagi; af smbTyogciicsi&. 

In a preferred embodimeox, ibe geaame of the rcccmKtmcicd erabrya is dcrivud 
^xn: a somatic cell, e.g., a fihrablasi or epiihclial cdU a gencucaAly en^ncucd somatic 
ccU, cg^ a somatic call ©omprisins a trsuasgeiMc saqoence. 

In a preferred embodicjeni, the roedaod fuxthor includes mating mammal 
which dcrclopfi fsxmi the it^otistructcd embryo wiih: a second manunsl; a second 
mammal which develops fcoiu a rccoastnicted embryo or is descended from a mauunal 
which developed from a reconstructed siabryo; or a acccmd ffvammal develop fcd irum a 
tcconsTTucted embryo, or descended from a. mamiTiftl ^hicb developed feoia ^ 
TOonsmicted embryo, wnich was Kumed aom generic loatcrial from the ssnxe aniiaal, an 
aiumal of the gaiTie genDtypa, or same cell Ime, whicil supplied the genetic material far 
the msi manxitial. In a prcrerred caribodiroent, a first transgenic mammal wincli ddVelcTps 
^cmx the pecojismacted embryo can be rciatcai with a sac^md transgenic mammal Which 
developed from a recoustnicied embryo and which contains a diflferem transgcac that the 
iorst tnmsgcTuc mammal^ 

In a pniferred crabodizaeiit, the mammal is a male mammal. In other prefcrTcd 
cmbodiroentfi, the maniraal is a female mauimaL A female xnaitunal can be induced to 
lactate and milk cm be cbtained from ihe mamxiul. 

In a preferred erabodimctu: a product, eg., a proieiB, eg., a recombinant protein, 
c.E * a human praicin, id recovered frt>in the jpammaU a product, e.g., a prolciii, eg-, a 
hfliman proicin, is recovered from th£> milk, tarinc, haira blood, akin or meal of tjjia 
mammal. 

In a. preferred cmbodiTneni, the mammal is: embryonie; fetal; or, postnatal, e-g.» 

odulL 

In a preferred embodiment;, the genome of the rccoustructed embryo is derived 
fixam a genetically engineered somatic cell, a-g^ a transgenic cell or a cell which a nucleic 
acid has been introduced. 

In anouier aspect, the invention S=arures a method of producing a non-lmman 
mammal, c-g., a transgenic mammal, e.g., a goal, cow, pig. horse^ sheep, Uama. camel 



Tb= meihod icicludcs taaiatainijig a manxtnalian reconsinicted embryo (e.g., a 
reconsxructed ctab?^© wfaerem its g^omc is dcaived from a gcnedcaUy cngincffrcad 
som&uc cell) in culture until Tke embryo is in tii6 2 to S cell eta^e; iraiiLsfening the embryo 
ai the 2 tu 8 cell stage iaio a recipient mammal, and allowing The recousmicted embryo to 
develop uiXa a mamTnalg to thereby produc:& ^ troA&^eoic mammal. 

In a prcierred embodimeai, the mammal develops &am the recanstmctcd embryo. 
In another embodimETit, the mammal i& a descendant of a mammal whicb developed from 
the reconstrucifcd embryo. 

la a preferred embodim^nu ttuc rccon^cnu:tcd embryo is mainmiacd in culture 
until the embryo is in the 2 ro 8^, the 2 to 6, the 2 to 4 ctH stage of embiyogenesis- 

In a prefecxed mbodiraeni, the method further includes mating tlae mammal 

v^hich dfcvdops fram the iwonstrucled embryo with: a second taammal; a second 
mammal which develops &om a reconsmicied embryo or descended &nm a rowT"rn:^i 
^»^aich developed from a recojasmjctod cmbiyo; or a second mnTnTn^l developed from a 
reconstructed embryo, or descended from a mammal which developed from a 
reconstructed embryo, which was £:>jmed ^m gKajcric mareiial from the game animal, an 
animal of the same geno^ypff, or same wsU line, which supphcd ^ic genetic znaTcria] for 
the first mammfl] In a preferred embodiment, a first iraasgeaiic mammal which develops 
from the fttcotisiructed embryo can be mated with a second transgtxic mammal which 
developed from a rccoasitructed cmbryu t&nd \vhich contain:^ a different traasgcxie that the 
&i3t umisgcmc mammal. 

In a preferred cmhodirocijt, the mnmrrn^] jg ^ male mammal- In other prcfcrrai 
embodiments, the mammal is a fcrnalc mammal. A female mammal can be mdiTrv-^ to 
laciaie and ml Ik am be obudned from ihc mammal. 

In a preferred crahodiracm: a product, eg., a protein, c-g,, s ivcombinam protean, 
e^, a httman prardiL is recovered from ihe mammal; a product, e,g„ a prmciiu e.g., a 
human proteLo^ is recovered from the milk, urine; hair, blood, skin or meat of the 
mammal 

In ii preferred embodimeat, the genomes of The geaedcally cngmcered somatic cell 
includes a transgenic sequeainx Thr Tranegomc sequence can be any of: a Jxetemlogoiii; 
transgene, e_g., a human TTansgene; a kaockom; knockin or other event which disrupts the 



esipressiQa of a mamjnaliaa gtne; a sequencfi Vs/tuch encodes a proteuw e.g., huinau 
protein; a bcwalogous piumoten a hctt7ologoii& sequence uadex tlic control of a 
piou30t«-. e.g., a caprir>c promoier. Ttie traosgmic sequence can coradc any prvjdxict of 
inicrsst such as a protein, polypeptide or peptide. 

In a prcfcirol embodiment, the HMSsenic set^uence encodes any of: a hormone, 
an immunoglobulm, a plasma piaicio, and an enzyme. Th^ oansgenic sequence can 
encode any pujtcin wlaose expression in the traasgenic mayamal is desrcd, e_E- any of: 
CL-I proteinase mhibitor. alkaline pbosphoTasc, angjogotiiii, eacvr^cclluiar supproxidts 
diemutase, fibrogen, glucocerefarosidase, glutamatc decarboxylase, human serum 
albumia, xoyislin basic pj-oteiii, pioinsulin, snluWe laciofcarin, lacto globulin, 
lysozynic, lactoalbuinin, aythipoierin, tissue pjasrainogen aciivaioi, human growth 
factor, anthhioTxibin m, in^nli-n^ prolacun, and txl-antitrypsm. 

In & ptofoTcd cinhodiin^it, the Transgciac Bctjueace enc od es a hnmffn protciiL 
In a pitrferrcd crabodimeDt, the transgenic sequence is under the control of a 
promoter, e.g., a caprine or bcieTologous pranioter. The promoter can be a tissue-specific 
pronioicr. The tissue specific pramotcr can be a«y of: milk-specific promoters; blnad- 
specific promoters: muscle^ccific praraotetB; acural-specifio pxomotsrs^ skm-spccific 
promotfits; hair-spccific proiuoters; and urin^-epecific promoters- The miUc-specific 
pTomoij=e can ba. e.g.. axty of: a casein promoter, a beta lactoglobulin promQier, a whey 
acid protein promoter anti a lacialburoin promoter. 

In a prfefcf?e<l cmbcidimcat, a nucleic acid can be innoduced iuto the gcnamo of 
The genetically ^n^mfcered somanc cdl- The nucleic acid can be any of: a bfitenjlogous 
transgene, eg., a liuinan transgene; a knockout ^(vVin or other cvcnl which disrupts the 
esprc&sion of a mammalian gene; a sequence which encodes a piatciu, c.g.» a hiunsn 
protein; a heterologous promoter; a hetero logout sequence under the conirol of a 
promoter, e.g., a caprine or hetenojogous promote. The nucleic acid sequence can 
encode any product of inlatesT £ueh as a protean, polypeptide or peptide. 

In a preferred ctnbodijncnx, die nucleic acid encodes any of: a homijane^ an 
immunoglobulia, a plasma protein, and an eosyme, Tlie nucleic acid sequence can 
encode any pratoxn whose expression in mnsgeaic mai'mTnal is desired, c.g,, wy of: 
a-I proteinase inhibitor, olkoime phosphotasc, angiogenin, extracellular sijperoxide 



dismutasc, fibrogcD, glucoccrebnasidase, glutamalc dccaiboxylase. human serum 
albmnio, myelin basic proicin, pnjinsuim. soluble CD4, laciofCTUi, lactoglqbuHa. 
lysozyme, lacroalbumiii, cryttapoieua, tissue plasminogsin acdvacor, human growib 
laacjr, anuihrombin HI, iasulin, prolactm, and al-ajiritrypsin. 

In a preierred embodiment, the nucleic acid sequence encodes a human prolciit 
In a prt^CTTcd Kmbodimenl, themcleic and sdqucacc is under Ihe cqdUoI of ^ 
promoua:, eg., a cs^iriiie or heterolagpus promoTnr. The proioot^ can be a Tissue-specific 
promoicr. The uss:ue specific prnmoua can be aay of; milk-specific pjnmQxera; blood- 
specific promoiers; muscjc-spcdfic proinolc«; neuial-spcci&c propaoiers; sldn-spBcific 
promoters; hair-specific promoters; and urine-specific promottis. The milk-spedfic 
prDcnQicr can be, e.g., aay of: a casein promoter, a beta lacioglobuEu promoter, a whey 
acid proicin promoter and a laaalbunun promote. 

In another aspect, the inveohon features a method of produi^ing a cloned goat 
The method incjuiea mainlining a caprine reconstructed embryo (cLg,, a rcxonstrucied 
embryo whcrrin its genome is derived firom a caprine somauc ccU) in culture until the 
embryo is in the 2 U3 8 cell stage. Transferring The embryo at the 2 to S cell stage imo a 
rcciplmt ^Q^x, and allowing the reconstructed embryo to develop inlo a goat, to Ti«^y 
produce a goat- 

In aprefcned embodiment, the goat is: embryonic; ficial; or, posmatal, e.g., adult 

In a prefisCTcd embodiment, the goal develops ftom tberecoiOTucted embryo. In 
another embodunent, the goat is a descendant of a goat which developed from the 
reconstructed em^bryo. 

In a preferred embodiment, the rpconsimctcd embryo is maintained io culture 
until the cmhryo isinThfi2toS,the2co6,thc2ta4 cell stage of ombryogenesis. 

In a preferred embodiment, fht genome of ±e reconstructed embryo is derived 
from: a caprine somatic cell, e.g.j a fibroblast or epithelial cell; asfi^^cally engineered 
caprine somatic cell, e.g., the genome of the caprine somaric cell cismprises a transgsuc 
sequence or a xmcleic acid has been introduced inco ihe genome of the somaac cell. 

In a preferred embodiment, the method fuiiher includes mating the goat which 
develops fi-om the reconsirucicd embryo with: a second goat; a second goat which 



r>\ devolops &om a rccoastmcu^d embiyo or is descended fimn a gnsl which d«:v«lop=d W 
a «corvsTrucT«l embryo; or a iccoui goat devploped from a recoftstrutted embryo, or 
desc=ndsd &Qm a goal wludi developed firam a itcartftxucted emhiyo, ^wtac^l was fbnned 
froni genirtic mai«ial from toe same animal, an aniinal of ttw 5«ac genotype, or same 
cdi -wiii A s«ppU=d The Baietic material for the fiisi goal. In a prefcntd 
embodiment, a &st transgenic go« which develops from tbc rcccnstwcted «abryo can 
be mated wni a second nBufigauc goat wbicai dfivdoped ftom 5 i^ooattucxcd snbiytJ 
and which contains a differeai ttansetsne ti*at the fiist iransgeiuc goat. 

m a prefcrxisd <=raba4imc3«, tke goat is » male goaL In other prefiored 
anfaodimenis. the goat is a female goal. A female goal can be induced to lactate and milk 
can be obiained fram the goat- 

In a preferred Mnbodimem: a product, e.g.. a protein, e.g, aJBCOmbinant piotnA, 
2 e-g., a hvnnan protein, is lecovocd ftoni Qie gow; a produst, o-g., a protein, eg., ft imiiian 

5 protein, U recovered from the milt toiiw, Hail, blood, slcia or meal of the goat 

S In anflthcr a^eci. the inveaiiioii fcaiura a method of producing 4 Transsenit: goal- 

Thj6 uscsthod incases nxainuiioiag a capriiie resyansuucttxi cnabryo (eg., a reconstructed 
embryo wlicrdn ns genome is derived from a. grociically cngmcered somatic cell) ia. 
4t culture until the embiyo is in the 2 to S cell TOge, transferrins ihc crobiyo at tjjc 2 to S 

cell stage ioiQ a recipient goat, and allowltjg the reconsimcied cmbiyo to develop into a 
gcwr, to thereby produce a transgenic goHL 

In a preferred embociimenl, rtie goat is: tactjbryanjc; fetal; or, postnaialp e.g.. adult- 
la a preferred einbodinifint, the goat develops ftotn tije reconsmiCicd aubryu* la 
anoxiicr cmbodwncat, the gast is a deaceadaat of a goat whicli flevfilopcd :&om the 
icconstruE^cti ctnbryo- 

In a prefciTcd ssmbodimeut, the reconscrutted embryo in mHintained in culfore 
nnril the esnbryo is in the 2 xo 8, the 2 to 6, the 2 to 4 cell stage of embryogcaesis. 

In a prcfercd embodiment, ihc geaaixie of tha recoostrucied embryo is derived 
j5rom a somatic cell* e.g., a fibroblast or cpiibcUai cell. 

In a preferred raabadiincot, tb^? mcihod further isicjudcs matias die goal which 
develops from the reconstrQcied embryo with: a second goat; a second goat ^vfaich 
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n develop. &om ^recan^cied ambiyo or is dfisccncUd tom a goal wbich developed from 
a rc^onsnucted embryo; or a second goat dcvclopui from a ««m5tructed ^ilbiyo, or 
dcsc=ndai from a goat which developed from aK«msaurtcd .mbiyo, which was famed 
ftom genciic maicrial the same animal, an animal of ibc sowc gcnotypo, or same 

cdl liDT, which supplied the s»«i« f^"- fi"' ^ " Pr=f^«i 

emboiinHit, a first tt^isgoiic goal which develops &om th.= recon3Tn.aai anbryo can 
be mated with a second ti^gewc goat which developed &nin a recnnsu^ «pbiyo 
and which contains a different Transgene tha^ the fiist vraasgenic goar. 

la a preffcrred emhodimsot. the float is a male goal. In other preftaxed 
embodiments, the goat is a fem^e go<^ A feniale goat can be induced lo lactaie and milk 
can he otnaiaed ftora the goat 

In a preferred embodiment: a ^o""'^. ^-S- ^ c.g-, a TBCombiuant protein, 

Q ^ c.g.,ahnmanpTowia, jsrecoveredfromth=goa^aprodurt,=.g.,apTOteUj,c^^^ 

pioxi^Ui, ifi recovfeiwJ the milk. v«inc, hair, blood, sJdn or mcai of the goal. 
I In a preferred anbodimait. the genome of ihe gcncncaUy cogineertd somasic ceU 

includes a tnmss=aac setiuence. The traissgenic sequence can be any of: a bcterBlagous 
trroagfiiu!, e.g., a human transgcae; a icpockoui, knodcin or orher event which disupts the 
U expreadon of a mammalian geae; a sequence which encodes a protein. e.g.. a human 

I protdn; a heterologous pttynottr. a hcKTologDUS sequence under the control of a 

! 1 promoier. eg., a Mpri»« or hetctoloBous promoter. The transgenic sequence! can encode 

any product of interest such aa a protein, polypeptide ar peptid^i. 

In aprcfdicd cmbodimenl, the transgsaic aequeacB tajcodes any of: a hotmone. 
an immtinoglnbuUn, a plasma protein, and an enzyme Thp transgenic sequence can 
encode any pioicin whose exproaaion in the transgtaiic mammal \s desired. e.g.. any oE 
^ tt-1 proteinase inhibitor. alkaUnc phosphotosR, angiossasin, eWracaUular superoxide 

disanutase, fibrogen, glucocerehrosidasc, glutamaic dBcarfaoxylaac, hum» Mnan 
albumin, myelin basic protein, proinsuhn. soluble CD4. laaofenin, laciaglobuiin, 
lyaozyme, lactoalbumin. ecytRrpoielin, tissue plasminDscn activator, human growth 
£iCtor, antithiomhin 01, insulin, proiacnn, and al-antitrypsin. 

In a preferred omboditacnt. the aansgenic sequence encodes a. human protein. 
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la a preferred emhodnneni, ibe OaMgCCic s&qumcc i$ under tiu comrol of a 
prc^noteT, e,g., z captine or heiErologoufi pnnnDtcr- The promoter be i tissufi^ccific 
promoter- Tbe Tissue specific proiiioifx can be any of: milk-specific promoteiB; blood- 
specific promoters; musclfi-spfccific prmnotfirs; ncural-spccifit prromotOT; skdc-specifio 
promotw^; Wspocific proinotcrs-, and uriBe^specific promotfirS. The miUc-spccific 
promoter can be, eg., any of: a casein promoier. a beta lanQi:iobuliii piumoux, a wbcy 
acid protciii pmnotcr and a lactalbuini» promoter. 

In a prefi=ned cmbodinieot, a nucleic acid has been introduced into the genomo of 
Ttc getifitically engiiiccrcd somatic ceU. TJje nucleic acid sequence can be any of: a 
beterologQUs transgene, e.g., a human TOUSgeae; a iMckoul, loioclcia or olher event 
which disniplfi Qic expression of a mwranalian b^^^ ^ sequence which encodes a protein, 
e.g-, a human pioieiii; a heterologous piomotcr, 4 hetcTQlogoufi sequence Under the 
control of a promoTer, e.g-, a caprine or heterologous prorooicr. The transgenic sequence 
can encode any product of interest such ^ a protein, polypeptide or peptide. 

In a preferred embocUmem, ttic nucleic acid encodes sny of; a hcmion^s an 
ioOTunoglobulin, a- plstsma proteiiv, aiul an enzyme. The aacledc acid sequence c«n 
encode any protein wbo&e e?:pression in tbe iiansgeaic maraxnal is desijrcd, e.s<, any of: 
tt-l pixjtcinasfe inhibitor, alkaline phoi-photase, angiogciiin. eactracellular superoxide 
dismutase, fibrogen, glucocerebrosidase;. glutamaie dccaboxylase, hiunan scrum 
albuinia, myelin basic protciii, ppainsulin, soluble CTH lactofemn, lartoglobUlin, 
lysozyme, lactoalbumin, crytlupoioua, tissue plssmiaogen aciivatar, human gro^EBth 
factor, antiihrombin UL insulin, proUfcCvin, and al-^titrypsin. 

In a preferred embodimeni, the nucleic acid sequence eacodee a human proiein- 
In a preffentd crabodimeat, the nucleic acid sequence is under the contjol of a 
piumoieT, e-g-, a caprins or heterologous prtOTotcr. TJic pranaoter can be a lissu&'Specific 
promoter. The tissue specific promoter can be any of: miJk-apcaiific promoters; blood- 
speeifie p?omotars; muscU-specific proinotfirs; neural-spedfic proniDteiS; SlOsi-spccific 
promoters; hair-specinc promoters; and urine^ecific promoters. The milk-specific 
promoTsy can be, e-g-, any ofc a casein pmxaoier. a beta lacioglobulin promoier, a whey 
acid piistein promotcx sd a lactalb umTn promoter- 



In another aspect, thr mventicm fearuies a kit. The IdT iiicludea a reconstructed 
embryo which is ;o the 2 tq 8 ceU stage. In a preferred ctnbodiincBi, the kit fijnher 
iticludcs maCfucTioas fair producing amaininal, e.g.. an embryomt;, fetal oxpostnaial 
mammal. 

In another aspco; ihe iavcntion iiraxures a kit which inclvules a later stage embryo, 
e.g.. an embryo after the S cell augc or a ferns, obiaiaed. e.g., by the methods described 
bereixx. 



The tcnns protein, polypeptide and pepude are used interchangeably hcjxia- 

The phrase gerxorDc derived fzom a somasic cell", as used herein, refers to the 
nuclear Transfer of a soniatic ceU, the chromosomal gemarfle of a somatic ccU. into a 
ftincxianally eauclcaicd oocyie. 

Tho tcitQ ''gcj^cti tally eogij^ctfred", aa used bcrcLa, refers to a cell altered by 
Kuman inicrvmtioa. cg^ a u:<aisgemc cell or other cell into which a nucldc acid has been 
mtroducetL 

AS used herein, ihc xesm •'transgenic aoqAaccce" refisis to a nucleic acid sequence 
(e.g.. encodiTig one or more human proveina):, which is msejtcd by artifice into a cell- The 
Tranjsgetoc sequence^ also referred to hcrt^ia us a transseae, can bccoim? part of the 
genojn& of an animal which develops in whole or in pan from that celL In enibodtBients 
of the invenrion, the trans^aaic sequence is inrcgraied into the chrcrmasoxnal genome. If 
the xrgasgenic sequence is InTegraEcd faun the genome it results^ merely by viiOac of its 
insertiDa, in a chans«^ ^ ^« nucleic add sequence of the genome into which it is mSe?T©S. 
A traiwj£cnic seque^nce can bfe panly or entirely species-hetcrologous, i.e., the transBeoie 
sequence, or aptariinn thereof csa be from a species U/hieh is diffisrsnt from the ccU isxto 
which it is inm>duced. A tnasgenic scqueoce can be partly or entirely species- 
homologous, i.e., the transgenic sequence, or a portion thereaC can be fetam the same 



species afi is xh^ cdl into which il is introduced If a transgouc sequence is hoicologDUs 
(in the sequence sense or in ihc spraes-hamologous seose) to an eadas*=nous gene of ihc 
cell into which it is mrraducsd- iHcn the u^sonic sequence, prft£erably, has one or more 
of the following characteristics: it is designed fax insertion, or is inserted, into she cell's 
gaiamemsucbawayflstoaiter ihe s^uficce of the gaujinc of the cdl into Which it U 
mssnetl (e.g., il is inserted at a location ^hich diflrrs &aia thai of the eniogenous grac 
or its mseniaix r^ults in a change in the sequence of ilae cndogcaoufi cudogenoua gene); 
it includes a mtitarion, e.g., a mutation which results in misexpression of the uroigenic 
sequence; by vinuc of ix5 insertion, it «m result in misexprcssion of the gene inta Which il 
is inserted, e.g.. the insernon can result in a Imockoui of the gene ioio which it is inserted. 
A trwjfigcnic sequence can include one or move iraauscriptional rcs^atory sciences and 
any other nucleic acid sccjuasces, such as inunns, that may be necessary fbr a desired 
level or panero of eafpre&sion or a sdccttna nucleic acid> ^ opcrahly linked t-s thtf selected 
nucleic acid. The nansgonic sequence can include an enhancer sequence and or 
sequences which aUow for secretian- 

The term 'Taeterclogoua promoter" as used herein, pe*=ns to a prouiotea: which is 
not nomally associated unth the gene it conirob or which is heterologous to the mammal 
into which it ie intiodijced- 

The tcnn£ ''recQOBtnicted emhryo", '•reconstituled emhTyo^' and ''nuclear tnmsfcr 
Mmt^ axe used interchanges ahly herein. 

Other fisamrce and advantages of the invention wtU he i^arcnt from the 
following description and from the claims- 

BonoiXells 

Somatic r-i^M-* can suppl:y die genome for prodwciag a recocsmiirted erotoryo in the 
methods dnsciibcd herein. The tcnn ^pomatic cell'*, as used h e r e in , refers to a 
dtffferejinaifid cell. The cell can be a somatic cell or a cell that is corenaitted to a somatic 
ct4l lineage. Altemanvely, any of the methods and arumals dcacrihed herein can utilise a 
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Q diploid ««a «U that gives rise to a EErm ceU in order to supply ^ gcoomc for 
piDducing » reconsmjctcd eiabiyo. 

The somatic cell be &am an animal or from a ccU ^Imre. If taken from an 
animal. iHc animal can be at any stage of developmrtit, e.g.. aa esnbiyo, a fews or an 
adult. Embryonic ^Us are prrfeired- Hjnbry«nic cells can include 6mbiy««lic Slem ccUs 
as w=u as «nbryonic cells coouniited to a soroauc cell linage. Sudi cells can be 
obuitxed from the cndodcrm. mcsodcm or eciodEim of the embiyo- Preferably, ibc 
embxyoaic cells are comminnd » soiruiric cell liaeage- Bmbxyanic cclte corainicwd to s 
soman* ceil liaeagc refer to cells isdUt^ on or afl« Hay 10 of embryogenesis. However, 
cells can be obTaii«d prior to day ten of oubiyogencffls. If a cell line is used M a souicc 
of a chroiaosaaial senomc, primary ceUs are prcfeicd. The '•priawy cell toe" >is 
used hcreiB includes jakussy coU liaes as ^»»eU as primary-deiived cell lines. 
'5 Suitable sotaanc cells includfi fibroblasts (fi.%., praaary fibrobUiWa, s-g-, 

I embryonic primary fibroblasts), tnusdc cells (e.g.. myocyte^, cumulus cells, Diamd ccUa. 

;S and mammary cells. Other suiuWe cells include liqiaro«T^c3 imd pancreatic 

S Prcfeiably. the somaric cell is aa ombryonic somatic cell, e.g., a cell isolaiai on or aftsf 

day 10 of cmbryogcaesia. The eenome of the somaiic cells can be iJic naturaUy occurring 
U genome, e.g.. for the production of clonsd mammals, or the genomB can be gtaicticaliy 

I altered to comprise a trawEcoic sequence, eg., for ihc prodUCtioa of irawgenic eloncd 

7^ Tnammals- 

§ Samaiic ccUs can be obtaint>d by, for example, disiuid anon of tissue, e.g., by 

mechaincal te.g.. ctoopping. miacing) or enzymatic nwwns (e.g.. nypsiniicatian) to obtain 3 
cell suspension and then by cuJruring the cells until a confluent monolayer is obiaincsL 
The somatic cells caa then be harvested and prepared fiar cryopreservanon, or mainiaineaJ 
as a stock culture. The isolation of capriiic somatic cells, e.g.. fibroblasts, is described 
berei&. 

The somatic cell can be a quiescent or non-quicscon somatic cell. "Non- 
qweaceni", as used herein, lefoa to a cell in mitotic waU cycle. The mitotic «sll cycle has 
four distinct phases, d, S, d and M- The beginning event in the cell cyde, called 
START, takes place duriaB G. pbase. "START" as nscd herein refers to early G, 
sage of the cdl cycle piior to the cominitmeni of a cell lo proceeding through the cell 
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^cle. Far «amplc, 1, 2. 3. 4, S, 6. 7, 8. 9, 10 up M 11 houis after 8 CSU cace» tUe G, 
s^agc ihc csU is considfifed prior to START. The decision as xo whetbu"*© wiU 
TOtogo '^y'^l^ ^ ^ 0QC«= ^ ^ '^'^Sh START, 

ii pass« ihreusb the ronaiadcr of tha G, phase (i.e.. Hiepxc-DNA Bwthesis ategs)- The 
S pbflse is DMA .wge, which is fbl Wed by the G. pbasc, the siage between 

synthesis and mitosis. Mitosis lakes place during U»c M phase. If « START, ^cdl 
does DO. mdrrsQ «u«bcr «U cycle. cell becomes qniesomt to addiuou. a ccU c« be 
induced to «dt the ceU cyck and bscoipc q«i«c«i. A -quiesceal" call, also icfeired to 
as a «U in G. phase, refers lo cell which is not in any of the fcur phases of the cell 
.ycle. ■?rcS^\y. the snmaiic ceU is a cdl in *e Qophasc or the G, phase of the mitotic: 
cell cycle. 

Usins donor somaac celU at cettaan phases of ihe cell cycle, e.g., Gb or G, phase, 
can allow for syncjuo^^^'*'! between tne oocyte unci ib= sjaxomc of soorMtfls *cll. 
F«r example, reconsmjctioti of an oocytt. in metaphase H by iciToductian of aaucleus of 
a somatic cell in Go or G„ eg., by simultaneotis acuvanou and fusion, c«a mimic the 
cvuQis occumng during fgatjhzsciaji. 

Mcxhods of detOTBioiag which pb^-se of the cell cycle a cell is in arc known. For 
example^ as dcecribed below in the Examples, vaiious madcrrs arc present at different 
stages of the ceU cycle. Such mariccrs caa include cychns D 1. 2, 3 and pioUfciatiBS «U 
nuclear antigen (PCNA) for G„ and BrDu to detect DMA gynihettc acriviiy. In additioa. 
cells can be iuduccd to caUr the G, stage by Miltujins the cells on senim-deprivBd 
msdium. AlXBtnatiYcly, tdls w Go stage can be induced to enter the cell cycle. i.e^ at G, 
stage, by seium acdvation. 

so^Tr peft Of rTcng ii cal lv Ins m cyrpfl S p mat i a Cclk ; 

Traj^v^tane MaaTTmals 

Methods for gaiemting non-human nansgenic roanamals which cai bo saed as a 

source of somatic cdls in the invention arc kpnwa in the azt. Such mrthoda can involve 
introducing DNA constructs into the gerro hnc of Mnananal to make a tranaseoic 
TT,.,rn*"^' For esxarople. one or several copies of the construct may be iticaiporaied into 
the senome of a mainnialian eanhryo by standard transgenic tedmiques- 
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Al*ough goats . pr=f=rred source of ^^cm — 

„ be obui^by the meoxods of :b. invcmiu. «, by way of ^pl^ a goal 
Benom. shnuld b= inxrodu"^ inu, . goal functionally euucl«t=d oo.yi.. 

j^^ly, the =uman. csUs for us. » th« irrvenrian are obmmed to a 
«n.gcnic go.^ Methods of ptodt«:i^g ^i^c goats toowt, in ^ m. For 

a t^on^geo. b. iBtxaduced i.to gennlin^ of a goar by ^crnin3cx:t.o. us 
d^cribod, for E.^ ^. (13^4) B«>/T^.«2oSV 12:69., b«d,y 

iacorpoiaied by reference. 

tr^aexuc no..hun^ animals to be used as a 8ouitx of gaieUcaUy 
eugme^cd .oxn^xic cclU can b= produced by i^^^B ^ v^^^ -^o ^ g^l^= c>f 
:l«,.or-*:«a- Exn.xyonal t-S« -U, « v^iou. d^elap«.n^ «m l,e 

Wu>inuoducc^S-- D^erc.tmothod.^u3cdd=p=ndinso:.the^.Scof 
acvclopn.«.t of ti. a»br.on^ tar.. celL The specific UpcCs) of «vy ^ USed to 
practice tiiis mvemion axe s.lect.d fcr goml good health, good «abryo yields, good 
ptonucl«. vi^b.l«y ii.*e «nbtyc=. 3^ S^od reprcdm:tivc fixa«^ Ib uddinon, the 

G«icu«aiy «5i=*^d «.n«dc cdls fer me in the mv^nrion cnnbo obtamcd &oia 
a cell line iBxo whiub a au^ric acid of iut«r«t, ^.g., 3 acid wbich cjv«.d=s 

pToTon^ bas been iotxoducetL 

A ctmsnuTT can b= introduced into a cell via coavemiDBal tiausfbrmatian or 
^^fccrion techniques. As ^cd ba«B, the tcxma -^fecti^a" and "tiunsfotmaiion" 
include a v;.ri=Ty of uxMiiqucs for ix^tn^ludns a :«ns£cni. se:qu«M into a Host cdl. 
i,;caudms calcium ptoospnaic or calriua chloride co-pr«ipi^«ian, DEA£-d«rnme. 
„«ii«ed n«:sfe«ion. lipofecrion. or dectroporalion. In addition, biological vectors. 



e.g., viral vectors can be used as dcscribsd below. Suitable tDcihcds for aansfanaing or 
tranefecting hoet cells can be found in Sambroojc er aL, Molecular Cloni/ig: A Laboratory 
Manual ^ ed.. Cold Spring Harbor Lsbarazary. (Cold Spring Harbor Laboralory Pre^. 
Cold SjJTUie Haibor, NYa 1589), and oit^ suitable labo^a^ory fnaoualc- 

Two useful approachjis are slctrirapoxaiion and lipofcciion- Brief eoiamplca of 
e ^fti arc described below. 

The DNA corxsmaci can be subly intrgduccd into a dnaor somaric cell line by 
clectrtsporaticm using The follDwiDg protacol: somaric cells, e.g,. fibioblasia^ 
embryonic fibroblasts, are resuspended in PBS al about ^ X 10^ ccUs/mL Fifty 
miuirgramfi of linearized DNA is added id me 0.5 ml cell suspension, and The suspcnaism 
is placed in a Q. 4 cm dlecrrode gap cuvene (Biorad]. ElectroporatiDn is performed using 
a "Biorad Gene Pulser slecrroporator with a 330 volt pulse at 25 mA, 1 000 micmFarad 
arid infinite rcsistaocc. Iftho DHA coiiB^cu&t oontAins a N«icnsav«*«=in resiewtice gene for 

selection, neomyocin resistant clones are selected fallowing ijicubaiion wiCh 350 
mJcrxigram/a-J of G418 (QibcoBKL) &r IS days. 

The DNA conswuc^ can h& siably introduced into a donor somatic call line by 
lipofcctaon using a protocol such as the following: about 2 x itf cells are plated into a 3-5 
cjniaEEneter well and nansfccted with 2 micrograms of linearized DNA using 
LipJfeciAMlNE^^ (QibcoBRL). Forty-cislrt how^ aftei: transfccnon, cells arr split 
1:1000 and l:S0OQ an^i If the DNA cansmici ctmtaina a ns?ainyoarin nsaistasicc gene for 
Kelcction, (5418 is added to a finai canceocratiaTi of Q.3S mg/na, Neomyocin resistant 
cloiwrzt arc isolated aad expanded for cyroprcscivarion as well as nuclear Uaasfes. 

It is often desirable to eicpress a protein, eg,, a hcicrologDas prntcin, in a specific 
tissue or fluid, e.g^ the milk, of a transgenic animal. The hclcxQlQgoUS prOTein can be 
recovered &om the lissas or fluid in ^hicii it is expressed. Por example, it is af^cn 
dcsiiable to express the lieteroLogous protein in roillc Methods for producing a 
h<:tcrolosaus protein under the control of a imJlc Specific promacer arc desciihcd bckw- 
la additiGO, other liaffue-epecific pramoters, as well as. other reguiaiory elememis, 



signal sequences and sequence which oohance secretion of nan-secreted prolans, ais 
described below. 



UsefiiJ TTMscripdonal piomDXOT are ihosc promoters thai art prefereindaliy 
activaTcd in mamirujy epithelial cells, including proiaoiets ihai coauol the gcocs 
encoding miUc proteins suxrli as caseins, beia lacToglobulin (Clark ex al., (1989) 
Bio/Techiuslogy^: 487*^92). whey acid protOB (Gordon ci al, (1987) BiQ/Technology 5- 
U 8S-n 87], and lactaibunimCSoulieretal,, (1992) FEES Ijm^ 292: IS)- Casdn 
pnraoters may be derived firom the alpha, heia, gamma oi kappa casein genes of any 
niaiamalian species^ a preferred pronaoier is derived from the goaT beu casein gene 
CEhTullio, (1992) Bica/Tecbnolosy 1Q= 74-77). Ivjilk-speciftc pxoteia promoter or i^c 
promoxci^ ihax art tspw-S-caily sw^tivaced in mammary tjanue esnn be deriv«sd from cTJlMA 

or genomic sequeiices. Pnsferably, ibey are genornic in ori^n. 

DNA sequence information is available for ibe maamiaiy gland specMc genes 
Usicd above, in a: Idst one, and often in scvwal org ani s Trs . See, eg., Richards et a]., J, 
Biol- Chem. 256, 526-532 (1981) (a-lactalhmnin rat); Campheil ei ai.. N-ucleic Adds 
Res. 12, (1984) (rai WAP); Jones a al., L Biol Chcm 260, 7D42-7050 (198S) 

{m ^casein); Yu-Lee & Rosea, J. Biol. Chcao. 253, 10754-10604 (1963) (mi-^ascin); 
Hall, Biocliciti- J. 242, 735-742 (1987) (a-lactalburain human); Siewan, Nucleic Acids 
Res. 12, 389 (1984) (bovine as! and k casein cDNAs); Goradetsjcy ct al., Qtmn 66, 87-96 
(1988) (bovine P caseia)-, Alcxandei en al., Eur. J. Biochem- 178, 395-401 (1988) (bovine 
K casdn); Bri^gnon a al.,FEBS Lett 188, 48-55 (1977) (bovine aS2 casein); Jamicson et 
al-, Gene 61, 85-90 (19S7),TvntJov ci al.. Biol. Chcm. Hoppc-Soyli3T369. 425-429 (1988), 
Alexander ci al., Nucleic Acidi 3xs, 17, 6739 (19S9) (bovine P lactoslotnalin)^ Vilottc cl 
al,, Biochimie 69. 6Q9-620 (1957) (bovine a-lartalhuniin). Th£ smicmre and functian af 
various rr\\\y pxotejn genes are reviewed by Mercier & Vilotlc, J, Daily Sci- 76-, 3079- 
3098 (1 993) (ixtfiorporaxcd hy reference in its ennrety for all purposes). If addmonal 
flankins sequmce are nsefaj in optimising expressian of The heterolagous proieric, such 
sequences can be cloned \xsmQ the exiiiung sequences as probes. Mairanary-glanfl 
spc«a.£c regskiory setjucnc«s &oni difitsreni organisms can be obtained by screening 



libimies from such organisms naug known cognaie nuclcoudc scqiomccs, or aatibodaes 
to cognate ptoteins as prabes. 

Useful signal 5£q;xcnces are millc-specific signal sequences or ather signal 
sequences which rcsuU in \h& sccreqcin of cukaryonc or prokaryodc proteins. Preferably, 
the signal sequence is selected &ora milk-specific signal aeqncaces, i.e., ii is from a gene 
wbich encodes a product secreted into millc. Most preferably, the snilk-specifiu signal 
sequence Ls related to the milk-specific promoter used in the construct, which are 
described below. The size of thsi signal sequence is noi critical. All thai is required is 
thti± the sequence be afz sufSciwn? sire to effnd secretion of the desiiEd recombinant 
protein^ c.£., in tUc maniimiiry iiijsii*s- For examples, sig?ial Sequ<mccs tram geaes coding 
for casciiut, e.g., ©Ipha^^ bcia, garntna ey Vappa raseins* beta. lacloglobAiliii. whey acid 

protein, and lactalbumin can be used. A preferred signal sequence is the gnai p-casein 
signal sequence. 

Signal seqaeucc5 firom other secrelfid proteins, e.g., proteins secreted by Jddncy 
cells, pancreadc ccdls ox liver cells, can also be used. Preferably, the signal sequence 
TKsulis in ihfi secnsdon of protdns into, for example, urine or blood. 

jK. onn-sccrcied ptrutcin can ^o l>c niodi^cd iu swh a manncy that it is seprcicd 
sBjch as by inclimon in the pnaicin to be sacreied of all or part of tte coding sequence of a 
protein ^hicii is nannally secreted. FrcfcxBbly die cntiic sequence of tbe protein which is 
normally Sftcf eded is not included in ihc sequence of ibc jaraicin bm radicr only a 
sufficient portion of ibe amino tercoinal end of die protdn 'wbicb is noraially occrctod to 
result in scscraiion of die protein. For example, a protein which is not nonnafly seCTSlcd is 
fiiscd {"usually at its amino terminal cad) to an amino tenninal pornon of a protein which 
is cioxmslly sccrcned. 

la one aspect, the protein which i& noimally secreted is a pronan which is 
normally sccreied in milk. SuiJi proteins include proteins secreted by mammary 
epithelial cells, iniilc proteins such as caseins, beta laciogiohnlin, whey acid protein » and 
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lacialbwiii- Casein pTOtfins mclud£ alpha, beta, gamma or kappa casein genes of any 
manunaliau species, A prefeired prolan is beu casdn, e.g., goat beta wcdji. Tlio 
sequences which c=ncoda the Secreted protein can be derived from dtfaer cDNA or 
genomic sequeiiceB- Preferably, ihey aie genoxnic in origin, anfl include one or mere 

Other tissuc-spedfic promoiers which provide sxpi^fifiioa in a parncular tissue 
can be used. Tissue specific promoiers axe pioraoters which arc eatpi^scd more ssronsly 
in a parucular tissue than La others. Tissue specific promoteis are often expressed 
essentially i^xclusivcly in the speciSc tissnc. 

TLisue-spccific promoters which can be used irvchidc; a netxral-specific promote^, 
eg., ncstin, Wnl-l, Pax-l, Engrsiled-l, Engrailed-^, Sonic hedgehog: a livcr-spedfic 
pmmoter, e.g., albximin, ajpha^l antirypsin; amu^ide-spenific promoter, e.g., myogeajQ, 
atniii, MyoD, myosin; an oucyie specij^c promo^, e.g., ZPl, ZP2, atestcs-spcdfit 
prt3iu£>t^, e-g.,piotarain> fatilizv, i?ynapionemal complex protein- 1; a blood-specific 
promoter, e,g-, globulin. GATA-l, porphobilinogen deaminase; a lung-specific piumoier, 
c-£., s\jrfect«nt protein C; a skin- or wool-specifxc pramotex, e.g., keratin, elastm; 
endotheliinn-spectfic promotei?. e,g-, Tie-1, Tio-2; and a bons-specific promoter, e-g., 
BMP, 

In addmon, general protnoiei^ can be used for cxpjncs6ian in s^era] ti^ucs. 
Exainplcs of gcnerial promoters include ^-acun, RQSA-21, PGK» FOS, c-myc, Jua-A. 
and Jun-B, 

OHficCansffUfiia 

A cassette which encodes a heterologous protein can be assembled as a construct 
which includes a promoter for a specific tissue, e.g., for mammary epithelial cells, e.g., a 
casein promoter, eg-, a goat beta casein promotcx, a miUc-spcciHc signal sequence^ 8,g*p a 
casein signal sequence, e,g., a (i-caseiii signal sequence, and a DNA encoding the 
heterologous protetD. 
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The constlUcT caa also include a 3' untr^aslated. zegian downstream of the DNA 
^quence codiiig for the non-secreted prmciii. Such regionB can stabilize ibc RNA 
transcripi of ibc expnrssiou system and Thus increases the yield of desired protein firon 
ihe expiwssiou ffysiem. Among the 3* untranfilaled rcgiona u^fcful in the consinicls for ttsc 
iB the mve&tioa axe sequeaces tbat provide a poly A signai. Such sequences may Yae 
derived, e.g., froxa tfte SV40 small t antigen, the casein 3' imtranslated r^ion or other 3" 
uniranslated c^equcnces well koowji in the an. In aus aspect, the 3* uniranslaieri region is 
derived from a milk spca^c protein. The kngih of the 3' untranslated region is not 
critical but the stabilizing effect of ita poly A transciipt appears impomnt in stabilizing 
tjie RNA of the expression sequence, 

Opticmally, Thr construct can include a 5' tmtranslaicd regiQa between the 
promoter and the UNA sequence aacciding ihc signal sequcsnx:©. Such uniranslated 
pegioTie can be from tha samis ciantrol region from >3Uhsch pramaifn: is taken or cam be from 
a differoit gene, e.g-, they may hca derived from other synthetic, scmi-syndietic or nftstiral 
souiriefi. Again fheir specific length is not critical, however, they appear to he useful in 
improving ttie level of eicpresaosi- 

The construct can also inchade about 10%, 20%, 30°A or marc of the N-tcrminal 
coding re^on of a gene preferOTtially expressed in maminaTy cpxtheU^ cells. For 
cMmple, the N-termiual coding region can conespond to the promoter used^ e,g., a goat 
p-casein N-tenninal coding region. 

The construct aai b& prtrpaped using methods known in the arr. The ccsaas-iruct can 

be prepared as pan of a larsex plasmii Stich preparation allows the cloning sxd sclcctjcm 
of the cozrcct oonrtructiDna in an e^cient mgrmgr. The cos&struct can be located beTweeta 
Kjnvcaicm rcsirictjon sites on th© pb^niid so that they can be easily isolated fsam the 
rcmainixis plasTrnd dcqucncce for iacorporation into the desired zn arnm aL 

Transgenic sequences encoding heterologous pxotcina be introduced ixuo the 
gennlinc of a rum-human maimiuil or can be trrosfcctcd into a ccE line to provide a 
source of ^eneDcally engineered somatic cells as described above. The protein can bs a 
complex or multiineric proteitt, e.g., a homo- or heierDmultimcr, c^,, prutcins v/hich 

as 



aatui^y occur as homo- or ii«eromulMD=rs, e.g., liomo- or h«c:o- toners, trimers or 
^c«j»«s. The piQiem can be a protein which ia processed by removal, e.g.. cleavage, of 
N-terminus. C-tenuuius or imsmal firagirujois. Eve* »mpl« prolcins can be expressed 
in active form. ProTeiii encoding scqucacco wliich can be iatroauccd into the genoine of 
msmm^ e.g., goats, include glycopraieins. neuropeptides, inirouQOslobuiins, enzymes, 
pqjiides and boimones. The ^oxe^in may be a naturally occurring prordn or a 
rccombinam piorcio, eg., a fragrocnt, fusion prourin, eg., an iraauaoglogulja fosion 
prcndn. or muiica. It may be human or non-human in origiiL The heieralogwus protian 
may be a poicntial ibcrapcutic or pharaaaceutical agent such as, bra not limited to: 
alpha-1 protdmsc iahiTsiwr, alpha-1 antinypsine, allsaliae phospliatase, angiogenin, 
aarilhromhin in, any of the blood cloiting fectots including Factor Vm. Factor DC, and 
Factor X chitinase. eryihropaictin, cxwaccUular stqjctoxide diOTUtese, fibrinogen. 
ghjcoc^Tttbrtisidase, glucamaw: dswartwxyUsc, hvsnaa. gpav/ih facw, human serwn 
albwnin. hnmunoglobolin. insulin. royeUn basic protein, proinsulin, prolactia. soluble 
CD4 or a componem or con^jlc* xhcrcsf, lacwfciria, lacwslobulin. lysozyme. 
lacialbumm, tissue plasminogen acnivator or a variani thereat 

InimuiioglobuliM are particularly pnrfeircd heterologous prooeos. Examples of 
immunoalobulins include IgA. IgG. IgE, IgM, chimeric aatibodics. bumanizcd 
antibodies, rccornbinanl antibodies, single chain aatibodica and antibody-protein rusinns. 

Nudeotide sequence infonnatiDn is available fer several of the gBnes enDodiog 
the heterologous po-otons listed above, in at least one. and oftoo in several organisms. 
See e.s . Long al. (1984) SioiAem. 23(21):4828^837 (apUu-l antitWSin); MltdwU 6? 
bL (1986) Prol- J^alL Acad. Sd tZM 83:7182-7186 (alkaline phosphatase); Schneider et 
al. 0988) EA£BOJ. 7a3):4l51-4l55 Cangiogeiim): Bocketal. Biochem. 
27(16):6171-£178 (andThromhin UI); Olds et al. (1991) Sr. J. Haanaiol. 78(3):4Q8-413 
(scotidawnhmllD; Lin et al. (198S) Proc Naxl. Acad. Sd. USA 82(;i2):7580>75S4 
(erytbiopoeiiin); U.S. PaieaiNo. 5,614,184 (eryihropoiaiu); Horowitz ei al. (19S9) 
Qaiomics 4(1): 87-96 (gJuoocersbrQfiidase); Kelly et al. (1992) Ann. Hum. Genet. 
S6(3):255-26S (ghitasoie decarboxylase); U.S. Patent No. 5.707.82S (bUEoan seram 
albumin); U-S. Pafcru Ho. 5,652^52 (human serum albumin); Lawn et al. (1981) Nucleic 
Add Res. 9(22):6103-6] 14 (human seiwn albumiiO; Kamfaolz el al. (1986) Prot. Nml 
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Acad Sci. USA S303):49S2-4966 (inyelin basic pruiem), Hiraoka ct (1991) MaJ, Cell 
Endocrinol. 75(l):71-80 (projactin^, U.S. P'dicntNo. 5.571,896 (UaofeFm); Pennicaci 
al. (19S3) Nanirc 3 D1(5S97):2 14-221 (tissue plasminogcai acrivaiorl; Saralanav el al. 
(1995;) Mai Bi£»i. 29:161-165, ttc coments of urhich sre Lacoxporaied herein by refcreGCc. 

Siiixablc spuiccs of oocytes include goal, cow. sheep, haree, pl& llama, camel, etc. 
Preferably ihc oocyic ;b otrtained from a soat. Oocytes for use in the invemion inclxide 
aocyres in meiaphase II stage, c,g„ oocytes arestcd in mcr^habc H, aad tclopbasc 
□ocytfis in meiaphase U comain one polar body, wfacrcas oocyira in iclophasc can be 
idexitifi«d based an the presence of a protrusion of The plasma mefnbrane from the second 
polar body op to the fortnatian of a second polar body. In addition, oocytes in metapbase 

H can bo diatiisguiehed fir-am estscytcs in TrElophaisc II bas:ed on laiocliHmical and/or 

developmental distinctians. For example, oocytes in metapibase U caa bo in an airestea 
state, whereas oocyte^; in leiophasc are ia an activaicd state. 

Oocytes oun be obtained at varioUK Times during a goat's ffiproductive cycle. Far 
example, at give® times during the reproductive cycle, a agnificant percentage of the 
oocytes, e.g,, about 55%, 60%. 65%, 7G%, 75%. 80% ox more, are oocytes in telophase. 
In addition, oocytes ai variolic stages of the cell cycle ciuabe obtained and thisn induced 
in vicro to solcr a parUt\Uar sro^gc of meiosis. For example, oocyies cultured on tsenm- 
&iarvcd aacdium become arrssTBd in mcisqshase. In addition, arrested oocytes can be 
induced to enter telophase by serum activatiQa. Thixs, oocytes in telophase can be easily 

abtsinod for use ixi the iaVcntion- Thua, oocytes can be matured in vicr^i before they are 
used to fonn & rccofistructcd embryo. This process usually requires rollccting iimnfft tgc 
QDcyicff Irom mammalian QV«ri», e.g., a caprine ovary, and matming the oocyte in a 
medium prior to enucleatjon until the oocyte reaches the dcsiicd meiatic stage, c-g,, 
tnetaphase or telophase. In addition, oocytes ihat have been mamred en vtva c^n be used 
m form a rcconatructed embryo. 

Oocytes can be collected finom a female mammal during supcTovulanozL Briefly, 
oocytes, B,g., c^rine oocytes, can be recovered surgically by flushing the oocytes &om 



the Qvidua of the fexaajs donor, M&lbods of inducing superovulanon in gcaw and the 
coUection of caprine oocyies is described bereiji- 

Preferably. the miiouc sui$c of the oocy^, e.g., metapbase n or leloptiase H, 
cojTcUtss to The stage of cne cell cycle of the donor soiaauc ccU. The correlation bcrcween 
xhz meiotic stage of the oocyte and the miioac stage of the cell cycle of the Oonor soanaac 
cell is referred to hexem as •'syodnronizatian''. For cxan^le, reconsiruriion of an oocyte 
in oet^hase II by Introdiiaion of a nucleus of a somatic ceii iu Go or G„ fcg., by 
simultSQcoua activaaotj and fusion, can mimic tli£ events occuxring duiiug fertilizatiaij- 
By way of aixc«iicr ca:aiirplc, an oocyte in tcslophase fiiscd, by simultaneous 

acdvahon and fusion, with the genome of a somatic cdl in Gi prior to START, prcjvides a 

syncliroiuzatixjn between tlic aocyxe md the donor nuclei. 

The donor oocyte, e.g., caprine oocyte, £)iould be amctionaiiy enuclBmcd suet 
^laj the endogenous genome ofttc oocjic is incapable of fimctionHi^ e-g., icpUcaiing or 
synibssizingDNA. Methods of fijncnanally eauoleaiing an oocyte include: removing The 
genoinc lanm the Qocyie (i.e., enucleation); inactivatins PNA within the oocyte, e,g,, by 
irradiation (e.g., by X-ray irradiation, or laser inadiaijon); cbcmicaj jnactivation, or die 
like. 

One method of rendexins th^ genome of an oocyte inc^able of functaoning is to 
rcmow The genonjes from ihc oocyte enucleation). A uucxctpipete ar n e e dl e can be 
inserted into the zona pellicuda in order to remove auclc2Mr material fram w oocyte. For 
e^tampl©, nactapJiase H s^gc oocytes which have one polar body can be (umiclcaied wid^ a 
micropipctic by aspirating the first polar body and adjacent cytoplasm surrounding the 
polar body, eg., ^proximalcly 20%, 30%, 40%, 50%, 60% of the cytoplasm, whish 
xxrcstopably cont^ms the met^hase plate. Telpbasc ata^e ovocytes ^luch have two polar 
bodies can be enucleated with a rmcropipecie or needle by removing the second pojar 
hody and surroundinfi cytoplasm, e.g., approvim ately 5%, 10%, 20%, 30%, 40%. 50%, 
60% of cytoplasm. Specifically, oocytes m telophase stage can he enuclcased at any 



21 



pcuni from ttic presence of a pnatrusion in Xtxt plasma membrane foam xbc second polw: 
botly up to the fannatiQn of die second polar body. Thus, as used beran, oocyx£s which 
danonstraic a protrusioia xa ih« pUsjna membxajicr, usiially with a spindle abutted to ii, up 
lo exmasiou of tbe second polar body arc considered w be oocytes in telophase. 
Alremarivdy, oocyrcs whicb have one clear and distincT polar body with uo evidence of 
promision are considered to be oocytes in mctaphase. Methods of enucleating an oacyic, 
e.g., a capltoe oocyte, are described in fiartbex detail in tbe Exajnples. 

The oocyte can be fuDctiQii:ally enudaated by inacuvaiing ihs endogcnoufi DNA 
of the oocyte tisiiig iTradiarian- Methods of tising irradiation are taown in ihc arc and 
described, for cjianaple, in PradsHaw et al- (1995] Malecul ReprocL r^ev, 41:503-512. ihe 
coutdiis of which, i^; i»«=«rporatc«i hcxcws rc£crcace- 



The oocyte can be functionally enucleated by chemically inactivauas ihe 
endogenous DNA of ibc oaeytc. Mcdiods of chemically iivactivatins the DNA are toown 
in the art For example, cncmical inftcnvation can he pcrfomjcd uMig the etapsoide- 
cyclohesdmide method as dcscribtsd in Fulkaj and Moore ^1093) MqUcuI Reprod, D€>>. 
34:427^30, the content of which are ioccuporaied h^ron by reference. 

X ptTftducnoT > p f a. Fun ctional Chr ompsgm^l Gmqmg mP? ^ Qs^Y lB 

Methods described herein can include the introduciiQu of a functional 
chromosomal genome into an oocyte, eg., a functianfllly enucleated oocyte* c,g„ au 
enucleated oocyte, to form a reconsmicted etnbsyo. The functional chromosomal 
geuonsje direi^s the developmisnt of a cloned or trsuugenic ariiznal which axi:&cs h^iu thir 
iwanstmcted embryo. Methods which result in the translfer of an essentially intact 
chrtsmasomal ganonic to the oocyte can be used. Exainples include fusion of a cell which 
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comains the functioual chroroosornal gcnorae with tUe oocyic and nuclear mjecuan, l,e., 
direct cransf^r of the nucj^us icxo the oocyic. 

Fusion of lie somatic cell wiib an oocyie canbeper&nned by, for example, 
elecirofusioa, vjibI fusion, biochctnical rcagcat fiision (e.g., HA protein), or chemical 
fusion C^.g^ wlih polycxlivlcnc glycol CPEG) ax cthnaol)- 

Fusioa of ihe som^c cell wirh the oocyic and acnvsiian can be pcxiunncci 
si-multaneously. Fox example, the uuclcias of The somatic cell can be dG^posked within Itie 
zDua pclliduca which cojixains the oocyte. The sxepii of fusiag the nucleus with the 
oocyte and actrvalion caa Then be pBrfoinJ*=d sicnultanearusly by, f&r exampLe, applying an 
clcciric ficUL Methods of ^imulmicous fusifiQ a^id acnvaiion of a^maric cell axA an 

Activation refers to the bcgnTUng of <imbryonic dcA^clopment, replicauoa aad 
DNA synthcaia. Aciivatioji can be induced by. for example, electric shock (e,^, in 
clcctrofusion). The usd of ionophores, othanol ftcuvatiQii, or (he oocyte can be obTained 
during a stage in wMch it. is naturally activated, e.g., an oocyicr in telophase. 



A reconstructed embryo can be aoivawd using decmc shock, ie., electrofufijon- 
The use of cleciro£ision allows for the fusion of the soraanc cell with the oocyte and 
activaiion to be pexfonned simultaneously. 

Chambers, such as the BTX 200 Embiyomanipuladon System, for carrying out 
electrofbsion are conxmerdally available feiocu for example, BTX. San Diego. Methods 
rot perlbmiiQg decirofusion to fuse & sozaauc cell, e.g., 4 capiine somatic cell, and sn 
oocyte^ e_£;., an enucleaiad oocyte, e.g.> an enucleated caprine oocyte, are described 
hereon- 



In addiTion, the leconsmicicd ecibiyo can be activated by ionophore acrivauaiv 
Using aa iannphare, e,g., a c^ldum iooapiiorc, ±e calcium concenOTxiou amass the 
TBonbrane of ihc reconSTTUrtcd embrvo is changed. As lUe free szalcbm concccxnoioa m 
the cdl increases, there is a decrease in phosphoiylaaon of imracellular proldns and ibc 
ooeyre is acrivated Such mcihods of activation are describei for example, in U S- 
PalOTt Number 5,496.720, the contents of which are mcorporaied by rcfere&cc 

EthgaolAfflY^ViQn 

Prior to mudeaiiun, an oocyte, e-g., an oocyte in metaphase H can be acdvaied 
with ethanol acdprding to The ethanol activauon treatment as described in Presicce and 
Yang (1994) Mol R^prod, £irv. 37:S1-6S, andBordignon and Sraiih (1998) Afr?/. ^prod 
j:iev. 49:29-36, the conieiits of which are incorporated herein by reference. 

Oocytes in telophase are generally already acuvaied. Thus, these cells oftm 
namrally achibii a decrease in calcium concentration which prevents fertiUzarion Kid 
allows the embryo lo develop. 
Tran ^ of Rpponst ruRtP<) 'fanlnygs 

A reconi^trucvcd embryo of the invention can be transferred to aredpienc doc and 
allowed to develop into a cloned or traasgenic naammal, e.g., a cloned or transgenic goal. 
For example, the reconstructed embxyo can be transfeircd via the fimbria into the 
oviductal lumai of each recipient doe as described below in the Exac^les. In addroon, 
methods of transferring an embryo to a recipient mammal arc known in The an and 
described, for example, in Bbm e^ al. (1994) Bio/T schnolo^ 12:699. 

The rcconsvrucied embryo can be maintained in a culture unnl at least first 
cleavage C2-c£U ^age) up in the dght celj-stage of embryo genesis, preferably the 
embryos are transferred ai 2H:ell or 4 cell-stage. Various culture media for embryo 
development ai« Icoovsm in the art- For example, the reconsiructsd embryo can be co- 
cultured with oviduct^ epithelial cdl monolayer derived &om the type of mammal ta be 
provided by the invention. Methods of obtaining goal oviducial epithelial cells (GQEC), 
maintaining the cells in a co-ciilturc are descn'bcd in the Examples below. 
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Examples 

DouQTS and reci^ejits a;>ed iu the following examples wens dairy guats of dae 
fallowing breeds (mixed or uox): Alpiae, Saarxen, and Toggentiurg- All goais wcxr 
rnainiained at the Gtrxizymc Traasgenics farm in CharUon, Massachuscns. CoUecnaos 
and Transfers were campleied during th& spring and early summer (off-season). 

Jsalanon of Caprine Samavic Cdh 

Capnne fetal fibroblast cell liacs iised as k^oplast dcmors were derived from six 
day 35-^ fetuses prodiiced by ardficially inseminatiiig aon-lransgeiiic does witii fresh 
collected semen fruni a Transgenic antitjironibin ID (ATm) fomidcx buck^ An ATIC well 
lijic was chosen since it provides a N^dl ctiaractgri?ctrt ges^eoc mailtcx to the somaric cell 
liiyss, azid ii targets high level cxpreseiQii of a complex glycosylated protein (aTHH ia ihc 
milk of lafixanog docs. Three fotusacs vi/hicb were derived from the SEEinen of the 
transgenic ATHI buck were surgically r£inoved at cUy 40 post coitus and pla&cd ia 
to^uilihratdd Ca^/Ms"^-6ree phosphaze buficred saline (PBS). Cell suspensions wero 
prepared by mincins ajjd digBsrcins fetal tissue in 0.025% trvpsm/0.5 mM ZDTA ai 37*C 
for ica minutes, Cclla ^vcnc washed with ecjuilbraied MediTuu (Ml99)(Gibco) -t- 

lO^yi Fetal Bovine Serum (FBS) supplemtaited with nucleoaidca, 0.1 mM 2- 
jncrcaptocthanol, 2 uiM l^-gluiamine, 1% pcnicillin/sircptomyciii (10,000 I.XJ. cachital) 
(fetal ceH me^um), and cultured In 25 cm* flas^sa. The cultures were rc-fcd 24 hoi?is 
later with equilibrated fetal cell medium- A canfluc3;ii monolayity of prinwry feial cells 
wat; harvested by tryp^sinizaritar on day four by washiag the roonolaycr twice with 
Ca^/Mg'^-free PBS, followed by incubaiion with 0.025% trypaiii/0-5 aiM EDTA at 
3S'='C for 7 minuttti. 

C^Ua potentially expressing ATill were thcsn pr^ai«d for oryopreservaaaru cxr 
rni^intainpd- &3 stock culrurcs. 

S^ing and Gcnoiypmg ofVonar Cell Lb%Gs 

Genomic DNA Vb%u isolated &oxsi fetal head tisstu; far ATIH donor kazyoplasrts by 
digestion with proieiaaac K followed by precipitation with isopropajifd as described in 
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Laiid ei al. (1991) Acid Res. 19:4293, and analyzed by polymerase cbain icaciiQU 

(PGR) fcr the presence of »iuman Anuihroiribiii HI (ATIID sequences as v/eU as for 
scxmg, Tlie ATHI sequence is pan of the BC6 consmici (Goar Beta-Caaein - human 
ATin cDNA) used to geneiaw the ATHI wmsgtsnic line as described ia Edmunds a al. 
(1 998) Blood 91 :4561-4571 - The human ATIII seqcencewas detected by amplification of 
a 367 bp sequacfi with oligonuclMtides GTCl 1 and GTC12 (sse below). For sexing. 
the zK/zfY primer pair was used (6oe below) giving lise to a 445 bp CztX)/447 bp (zfy) 
doublet Upon digestjoc with the resUictioo eazyinc SacI (New England Biolabs), the 
2fX band was cut into two snail fiugmenis (272 and 173 bp). Males w<3e identified by 
the presence of the uncui 447 bp zfY band. 

For the PCR reaciioas. appiOTomaiely 250 ng of genomic DNA was diluted in 50 
ml of PCR buffer C2fi inM Tris pH S.3, SO oaM KCl and 1 .5 mM UgPh. Q25 inM 
dcamynucleotide triphosphates, and each primer at a conceniratieju of 6O0 wM) wiih 2-S 
units of Toq polymerase and processed using die following temperature program; 

1 cycle at 94*0 60 seconds 

5 cycles ax 94''C 30 seconds 

58»C 45 seconds 

74''C 45 seconds 

30 cycles at 94'C 30 seconds 

SS'C 30 seconds 

74° C 30 seconds 

Tbe foUowiag, pnmex sex was used to detect the human AHH sequence: 

GTC 1 1 : CTCCATCAGTTGCTGGAG(3GTGTCArrA (SEQ ID NO. 1) 

GTC 12: GAAGGTTTATCrnTGTCCTTGCTGCTCA (SEQ ID N0:2) 

The following primer set was used for sexing: 
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zfX: ATAATCaCATGOAGAGCCACAAGC (SEQ ID N0;3) 



zfY ; GCaCTTCTTTGGTATCTGAGAAAG (SEQ ID ND:4) 

Two of the femses were iilcnuficd :o be naale and were both negative fbr the 
ATm sequmcc. Ajiadw fetus waa identifted as female und confimcd positive fiax the 
presence of the AXiU sequencer 

Preparanan of ATllI^Erpressing DonoT Cells for Embryo R&constiiuTioTi 

A transgenic female lijie (CF? 155-92-6) oxigiMttng £kim a day 40 ferns was 
idcnttficd by PCR aoalyics, as descrfned above, and used for all ouclear transfer 
maaipulaucas. Ti3jxsge3nc Ifetal fibrolalast cdjs wtstc niairoiuicd va ^ cru" fjaslste witb 
fetal cell medium, re-fed an day four following each passage, and harvesXcd by 
trypsinizaaoa on day seven- From fcacii paasagc, a new 25 cm^ flasks was seeded lo 
madnuna ^ stock culture. Bnefly, fetal cells were seeded in 4-well plates with fral ccU 
mcdima aod Tpaintaijied in eulmre (5% CO^ ar 39*C)- Forty-oiEht boure Utcx, the 
medimn was replaced wiih fresh feul cell medium coniHining 0.5% FBS. Th© colnire 
was. rofcd every 48-72 hours over 4e next seven days wiTJi fircsi fetal cell infidjum 
uoniaining 0^% FBS- On the servculh da^y foUowiag first addition of ttstal ceil medium 
(0-5% FBSX souiadc cclb used as ksryopUsi 4onor& were harvestftd by tryp^nizaiicm as 
previously described. Tbc cells were rcsuspendcd in equilibrated Ml 99-1-1 0% FBS 
suppletnenifid with 2mM l^glutamjpe^ 1% peaicillin/streptoBiycin (10,000 LU- cacb/ml) 
one 10 tLree hours prior to fUsioa to the wmicleatcd ooeytea. 

Karyarypin^ of Cell LiTies 

The clonal lines were further evaltiaTcd by karyotypiijg to deienmne gross 
chjomosomal abnonnaliiias in the cell lines. Cc]1a were induced to arrest ax nietapbase 
by incubaxion with 0 03 hlg/ml of Demacolcinc (Sigma) fbr 12 hours. After 
trypsinizanon, th« resultmg pellet was suspended in a hypotonic solunom of 75 rnM K.CI 
in water and incubssed as 37*'C for 20 minutes. Cells were fixed fbr 5 rainilies &ach tmc 
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in 3 cbanscs of icic-cold acedc arid-mrfmol (1:3] SOlUUon befoiC drops of ihc cdl 
suspension were placed ia prc-washed microscopic slides. Fallowing aif-dryins» 
chromDSQiDe prDpararion^ were siamed wiih 3% Gicnisa stain (Sigma) in ?BS iar 10 
minutes. TKc chromnsnme sprcadis wot coumcd for each cell line ai lOOOx 
masnificadoTi under oil immeision. 

ImmwiahisTochemical Analysts 

AnilbodieB speci&c for viraeotin CSigma) and paa-cytote=raw (Sigma) were used 
lo chanicimzc and conflna tbe morpliology of the cbU lines- Cells were plaied in stedle 
gelarin coaled coyer sUps vo "75% conflueuiry and fixed in 2% paraibrsialdchyde with 
0.05% saponin for 1 hour. CeUs wer^ incubated in 0-5% PVP ia ?BS (PBS/PV?) with 
piitaaiy aniibodifis for 2 baura 37 '^C, rmscd with 3 changes of PBS/PVP ai 10 minaic 
mtervals, amfl mcntjaicd for 1 hour in isc^ondary antibodies cosyugated with Cy3 ana 
FITC raspecTively. Alkaline phosphatase CSigma) aciiviiy of the celU was also 
pcrfbimed to deiennina the presence or absence of uodrfferennaied ceUs, xnc cover slips 
were rinsed and ^tecqumUy momicd on gja^ s^d&s, with 50% glycerol inPBS/FVP 
whh 10 Ms/mJ bisbcnziinide CH-33342, Sigma) and observed xinckr fluarcstient 
TOicToscopy. 

Epithelial and fibroblast lines positive for vinjenlin axid pan-cyiokcxaiia, 
respectively, and ncganvc for alkaline phospaaiasc accivicy were generated &om the 
ATIU primary cnjTureg. In the cell cultures, two morpholagically difitit^ cell xypcs were 
observed. Larger **£brebiast-like" cells scained positive for vimrodn and amallcr 
''c^iihclial-likc:*' cells siaiaed poaitivc for pan-cytoktoraiin whicli cocadfiiGd in '±c primary 
ceil culturtrs. The isolated fibroblast lines &om ATTIl showed a tendency to diffcrBniiaic 
into cpithclial-likc cells wheaa cuUured for 3 day& aftesr reaching canflnsncy. Subseqiicni 
passages icdncod 3ol.3ciion against Sbroblast cells givm^ rise to pure cpithc&d cdls 33 
confirmed try the lack of positive sraining for vimenim- Sencsces 01 possible cell cycle 
airest was first ol35crvcd a* passage 28. These cells appear bisgea- in si2e p>30 pm] 
CQOTpai^ to the nnnnaUy growing cells (15-25 ^) and can be maintadnjed in culrare in 
the ab^fttice of apparent mitotic activiry fbr several monthfi without lo^ of viability. 



EmbryQ reconsuuctioti usiug nuclei ftom Ibc ancstcd cells procjuccsd morula siagc 
eanbvos suggesnng rcacquisoaa of mrtouc activiiy, 

Supero\n4laTioin of Donor Goau and Oocyte CoUccnpn 

Eetms was iiynclimmzsd on day 0 by a 6 mg subcUTaneous Norgealomet ear 
implant (Synchro-mate B). A single injection of prosiaglamiin (PGF2a)CUpjoim US) 
admiuisicred on day 7. Steiimg on day 12, FSii (Fomroiiia-V, Vccrcpliana, Si Lsurcju, 
Quebec, Canada) was aijmiiiistercd twice daily over four consecuu^c days. The ear 
implant was xonovcd on day 14- Tweaty-fbux hours following implant removal, tbc 
donor animals were maicd several rimea lo vasecwmized males over a 48 ham imtrvaL 
A single iiyecuDn of CpRH (Rhone-Mcrifiux US) was adroiaiKtered intnmuscularty 
foUowing Ttoje last FSH inj croon. Oocryics wcy© xECovered surgically from donor aniroals 
by OTd'VenCral laparotomy ^pproximaicly IS u> J4 Koiars foUowiag tbu& last matiii^ by 
fl-ushing the avidtict wJih Ca^/Mg^ -&cc PBS prcwanacd ai 37°C. Oocyte^ were Uicn 
recovered and culrured in equilibraisa Ml99-riorgFB3 supplcmcjitesd with 2tdM 
gluiamiiie, l^/o penigillir/gtrgpiomyciii (IQ.OOQ LU. each/ml). 

Oacyie Emcleaiion 

In vfw xMnared oocytes were collected Srom donor goais. Oocytes widi OTarihn d 
cumuh35 ccUa or devoid of polaar bodies weare diKcaided. Cumulus-free oocyrns Were 
divided j pto two gjoupa: oocytes wixii only one polar body livid-csnt (metapKase IT stage) 
and The activ^ed telophase H piotocol (oocytes with one polar body and evidencv of bu 
extruding second polar body)- Oocytes in telophase II were cultured in Ml 99 -f 10% 
FBS for 2 lo 4 hoiirs. Oocytea -dist had activated during this period, as evidenced by a 
first polar body and apardally extruded second polar body, were grouped as culmre 
inAicei calcium activated telophase JI oocytes (Teiophais Il-Ca^ and enucleated. 
Oocytes that had not airtiv^cEcd were incxiboied for 5 ounntes in PBS ccucainixi^ 7% 
ctihanol prior to enuclcadon- Mccaphsae H atsgc oocytes (one polar body) were 
enucleated with a 25-30 micron glass pipcncby aspiraiiAg the first polar body and 
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adtjacem cytoplasm suiroundiug ihe polar body Capproximaiely 30% of Uie cytoplasm) 
pxtfiuinably conjaimag mciapbase plaic. 

As eliscussfcd above, telopbase stage oocytes were prepared by two procedures. 
OocyTr:^ were mually incubated in phosphate tJUffercd valine (PBS, C&**/Ms^ free) 
supplcmfinicd wiih SVp FBS fbr 1 S rwmes. and cuitored in Ml 99 -f- 10% FBS a: 38°C for 
appraxiinately three hours -umil xhe telophase spindle configurauon or the exmjsion of the 
second polar hody wa^ reached. All the oocytes thai responded lo the seqiiential culnwr 
uiider difforential extracellui^ calcium conccatraxion treanneiii were Ssipexatcd and 
STOupiid as Telophase Il-Ca*"- Th6 other oocyies thai did jio\ respond -were furtlicr 
incubated in 7%' efhannl in Ml 99 -r 10% FBS for 5-7 njinuies (Telophase II-ETOH) end 
cultured in M199 ^ \ 0% FBS at 38^C for anoiher 3 hours until tlic tdopha^c II spindle 
confi^;uratian was icach«xl. Thcreaflcr, tbi oocytes were incubated in 30-50 ^tl drops of 
Ml 99 10% FBS conatiuiiis 5 ^g/ml of cytocbalasin-B for 10-15 minutes ai aS'C. 
Oocytes were enucleated with a 30 jmcitao (OD) glass pipetie by afipixanng The first polar 
"body and appro xiroaiely 305^ of the adjaccm cytoplasm comaing the ratft^ahaac H or 
abom 10% of the cytoplasm conxaining the tclopbaiic 11 spindle. After emxdeatSon Qae 
oocytes were immediately reccmstrucTci 

Embyyo Reconsvruciion 

CFFl S 5-92-6 soraalic cells used as Icaryoplast dnnoi^ were baiv&sted an day 7 by 
trypainisiag (0.025% crypsTO/0.5 mM EDTAXSi^a) for 7 minutca. Single cells were 
icsuapcndBd itt equihbraled Ml 99-^-10% FBS supplemented with 2niM L-glutasainc, 
peniciUm/sireptoniyciiL The donor ceU iiyecnon was cairied out in the sarnc mcdiuia as 
for cuucloation. Donor ceik were graded rato small, mfidium and large before ©election 
for iniection to enucleated cytoplasts. Small single cells (10-15 micron] Wca:^ a^ect^ 
with a 20-3 6 micron diameter glass piperte. Th» pipetie tuas imroduced dirough the same 
slit of ihc zona made during enucleation and donor cells were injected beiweeu the zona 
pellucida and the ooplasmic membrane. The reconstructed embryos tyere incuhaied in 
Ml 99 30-60 minutes before fu&ioa azui activation. 
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fusion and AcTTJaTion 

All recojOTucrcd cmbryns Ce^anol prctycamicat or aoT) w^^hed in fusion 
bufer (03 M mawxitol, 0.05 roM CaO^. 0.1 mM MgSO^, I laM K^HPO,, 0,1 aM 
gluiatliiouE^ 0-1 nxg/xal BSA in disnUed water) for 2 minutes bcfians wlcc^rofcsion. Fusion 
and acn varian wcic canied oai at xoom ismperamre, in a chamber wilh TWO SiainleSS Steel 
elartrodes 200 micnjos apan (BTX 200 EmtryGinaiupulaliali System, BTX^Gcncmniics, 
San DiegD. CAO filled ^th fusion buffer. ReconOTucied embryos were placed with a 
pipettfi in groups of 3-4 and mariualiy aligned so the cytoplasmic membraie of the 
ircipient oocytes and doncnr CITl55-92-^ ccUs wer« parallel U> the electrodes. CcU 
fusim and activataon were simullanoously induced 32-42 houxs post GnRH iiy ection with 
an initial ali^nnem/holding pulss 5^10 V AC for 7 seconds, follow^ by a fusicm pulse 
of 1.4 to l.S K-V/cm DC for 70 nncrosecands using anElcrtrotcU Manipulatoi and 
Enhancer 400 (BTX-Gcnroonicsy :Enibryos \wcrc wasned in fusion medium for 3 
minutes, djen they were transferred TO M199 containing 5 ^g/ml cyio nh a larin ^B (Sigma) 
and 10% FBS and IncubaJed 1 hour. Embryos were removed trum 
M199>'cytocbala3m-B nusdium and coculmred in SQ micraliter drops of Ml99 phas 10% 
FBS with soar oviducial epiibelial cells overlaid with paraffin oil. Embryo culrures wcxc 
mainiajTicd in a humidified 39*C incubator wib S Vo COj for 48 hours before Transfer of 
ihc embryos to recipient does. 

Rcconsuuctod embryos st 1 hour fbUowing simulrsnfious activation and fusion 
with Go, and S-phasc toryapUsis all shov/*^ aucUax envelope breakdown (NHBDJ and 
prwiamre chromosorae condcnsanoa (PCC] when the cyroplasts wens a? the arrested 
mi-tapbasc II ctage. Subsequcat nuclear envelope fbrjnatian was obBerved to be at about 
35% Bl 4 hour post acrivalian- Oocytes rcconatructed ai lelopKaso H stage showed that an 
average of 22% of QQcyiea observed at 1 bow post fi*6ion of Go ,Gi a»4 S-phase 
karyoplast undenvcnt "NBBD and PCC, whereas the remaining oocytes have intact 
nuclear lamina suxrounding the decondensing nucleus, No consisXOTX nuclear 
rootphology other than lade of, or the occurrence of NEBD and PCC wjis observed 
between the jnetaphase and two telophase irconsirnctlan pnsTocois employed. 
Differences became evideat ^x4i«n cion^sd embryos were observed to "have ahi^ex 
incidenee of advanced cleavage stagers; (8 to 32 blastomeres^ when embryos were 
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rwDtDmisrccd with S-phase fionor nuclei ccsmparcd lo \^hcB Go or siage kaxyoplasLs 
were Aiscd (2 xo 8 blastotaCTes) foUowmg culmm in vizro for 36 la 4S hours. FJuare&cenr 
microscopy analysis showed that tlue nudei of some of xhe rapidly dividing onbryos were 
fragmented- Oilier anbryos developed to the 32 to 64 ceU stage within 3 days of cuJmrc 
before cleavage developmcDi blocked- Awly&is of blaetomerc and nuclei numbers 
of diBsc jsmbryos showed the failure of synciuoiTDiis occurrence of cyiokines and 
karyokinesia wJier^ blasiomexes were d\hcr devoid or their corraspondiug nuclei or 
coniaancd roulTiplc: nuclei- In contrast, jnoirpholQ^cally nannal looking embryos showed 
fiyxichranom cytokinssis and karyoJancsifiu 

Goa: Oviductal Epiihctial Cells (G0EC)/RecQnsmicie4 Embryo CocuIjwg 

GOEC wcrc'dcnvcd firona oviductal tissue collected during surgical oviducial 
fhiahing pcrfonnsd on synchronized and superovulait^d does. Oviductal duuc irom a 
single doe was u^nsfccrcd lo a sxcrile 15 ml polypropylene culuire tabe containing 5 sal 
of ^squilibTd^ M199, 1 Q% FBS, 2 mM L-gluiamine. pcnicillin/suepoTnycin. A single 

crell suspension woa prcp2u:wlby vortcxing for 1 cnizwte, followed by culture in a. 
humidi&ed 5% C02 incubaior ai 38"C for up To one bour. The tube was vortexed a 
second dme for one mmute, ihen cultural an additional five mijiuies to allow debris to 
setde." The top four millimeters containing presumed single cells was rraTisferred to a 
new 15 ml culture tube and centriJUged at 6O0x g fi)r 7 minutes, ai rooxa temp«catur». 
The supernatant was removed, and tti£ ceu pellet resuspended in S ml of cquilibrsjcd 
GOEC madium- The GOBC were culmred in a 25 cm^ fla&k, re-ffcd on day 3, and 
harvested by crypsiinwtion on day six, as previously described- Monolayers were 
prepared weekly, primary QQEC cultures, for eacn experiineat. Cells wcic 
rcsuspcTided in GOEC medium at SxlO^/snl^ and 50 microlitcr/Mfcll was seeded in ^wcU 
platca Cl Sunny The medium was overlaid with 0,5 ml light paiaffin oil, and Tlie plaies 
were cultured in a huijiidifiod 5% CO^ incubator at 3S°C, The cultures were re-fed on 
day two wi^ S0% frcah oquiUbralcd cultune medium. All rcooivstructed cmhfyos were 
cocultured with the GOEC monolayers ui vwn in injcubator at 39*C, 5% CQ2 before 
transfer to recipients at GTC fatm. 
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All crxperimental replicaies for ATHl yielded cleavage stage embryos ihat were 
trau&fefahle cm day 2 into synchronised recipients. "Embryos usiBg fibioblasTs and 
epithelial cell piieaatype as donor karyopl^ists showed cleavage and developmcn? ia 
culture. The per&ertage of cleavage development was hi^er in reccmstructed couplets 
iha: U5c4 prcaciivated telophase II suge cytoplasts (45%) and telophase II-c«haool 
activatBd [56%) wbca compared Vo cytoplasts used at meisphasB II arrested (35%) using 
ATni karyDplasis- There were no diffcraiccs observed in The cleavage rates of embryos 
that were reconstructed ufiing donor Varyoplascs in Qo^ G , or S-phaac of the cell cycle 
alihou^ the morphological quality of embryos was bcucr when donor karyoplasts wore 
in as Ga or Gj coraparcd to S-phase. Erdaryos were genjeraHy between dac 2 to S cell 
stage with majon'ty of the embryos having 3-4 blasiomexes ai the time of transfer. 
Normal cleavage devejopmeni corresponded chronologicaUy to approximaiely 36 to 4g 
hours post fusion and activalion- Morphologically normal appearing embryos wara 
selected at the 2 to 8 call sUi^c foUowing dcVfclopmcnT in vitro for 36 to 48 hours. 

Horzaonal treatments were delaytd "by 1 day far recipients (as conjured to 
donors) to insure donor/recipicm synchrony- Esmis was synchronized on day 1 by a 6 
mg subcutaneous norgcsuamct ear implani. A single iigwtion of proraglandin was 
administfia^ on day 8, Starttng on day 14, a single iatram\w:cular ti«ttnent of PMSG 
(CalBiochcm US) wiis adjuirdsftexed. Tbfi ear implant was removed cm day 15. Twenty- 
four hours foUowing implant rcmaviij, recipient does were mated acvcnd times to 
va3ccwmi2c4 males over Uiree consecutive days. 

Embryo Transfer JO Rccipienl Ziaos 

Rcconstrucxed embryos were co-cultured with C30EC monolayers for 
approximaiely 48 hours prior to transfer to synchmnimd recipients. Immediately prior tc 
transfcr, rcconstmcted cmhryos were placed in equilihraied Ham's F-12 medium 1 0% 
FBS. Two to fourreconsinicted embryos were n-ansferrcd via the fimhriH into the 
DViducral lumen of each recipient. Transfers were performed in a minimal volume of 
Hams's F-12 medium + 10% FBS using a sterile ftr&.pohsijed glas« micropipet. 
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The dgvelopmcmi of cmbiyoe reconstrucTcd nuclear transfer using transgenic 
Celine fisial fibroblasts and in vivo derived oocytes ia smnmarized in Table 1, Ttasrz was 
a xaiai of 14 rounds of coUfiCtian and iraiisftxs. ^ih 4- dojwrs act up far collection an<3 S-6 
recipient does sei up for transfer 4S liiMirs laicr. The ibrcc diSerem etuicleatiem/acovaiion 
protocob were cfftploycd; Meiaphase II, Telophase, and Metaphase II pretreaicd wiih 
Ethanol- Foilovdng fusion-activaiiQn, tccxsnstructcd emtsryos wrrc sso-cultured wib 
primary godt cpithdial cella, ax least until cleavage C2-ccll sca^c) up to caxly l6-ccU sUgc^ 
with most einhryoB being ti^sfamed ai chjonologjcally correct 2- and ^-cdj stages. All 
transfers were surgical and oviductal, in honncmally synchnaniaed recipients (due tn the 
season). 5Utes of development were slightly superior wbsa usbg the TeJopbasc protocol 
and Ethanol protocol as compared to the Metaphasc H pxBiocol. This is partly due to ihe 
&ct thax eauclcaxion i^f the second polar body accms \cs^ traUxoatic for the oocytes:, and 
partly du^s to What seems to t>c rdghcr activaiion nitc fo* oocytei pretroated "Ofith tsthanol- 



TabW 1; D?=vclopnve5it of caprme embryos rcconstrucied by unclear transfer of traassemc 
fciAl fibroblasts. Three eniicleatiDn/praccdure were used: Metjphase II (first polar body 
cnucleatioa). Telophase (second polar body enucleation)* Ethanol (prcactiYarjon of 
Mctaphasc II stage oocyte^ by 7% eihanol treauneni prior to anuclealioa). In all cases, 
coQGomitaat fusion and airtsvaoon v/as used. 
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Following eiabryo rransfer, recipient docs were cjuaiuiicd by ultrasoiiadg as early 
as day 25. High pregtmuiy rsiEs ranging ftom 55-75% for ATIEI nscipieat docs were 
diagnosed. For all three enisaleatixMiya^tivarion protocols, it Was observed thaS hi^ 
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pnTporrion of does (65%) appeared posiuvc at day 30. However, it niiifit be noted that, in 
mQSi cas&s. fetal heaitbeais could not be tjcxctiad ar such a» cajly atage. Moreover, the 
positive ultrasomd dgtml ddcctjsa « day 3Q v^aa nox chaxacverisnc of noixaal anbiyo 
dcvclopmeni aad appeared closer to vesiculB: (i©vck)pTrLsoi wX associated wim ih£ 
foimancm of an embryo proper. This kind of cmbrycuic developmsai is jiot typically 
observed in oihcr csprine embryo transfer programs Cfoi example with oucroiDjecied 
embryos). Biweekly, cxamiijaiiou of these ves;icular dfivelopmcnts between day 25 and 
day 40 cstablishca That ihrac prcsoancies were aboorsiQl and ai day 40, mosi of xhc 
fetuses were r^absorbad and nomial uluasoiMid images were nat apparent- 

Huwtrvcr, for 2 pregnancies, hcaitbealfi were detected by day 40. In tbcfic 2 cases» 
ulirasound e?c:ciuiiatioT^ between day 25 and day 40, ncx caaly (Setectcd a hcanbcim bm 
aiw* 3bo%wed the de^^elopinenT of recQgnizablc etnhryoaic siructtires. One of these 
pregoajicies was established using the MetaphaSfc H eauclcatiQa/acnvation proiocDl, 
fusinB the enucleated cytoplasi lo a quicsccxn karyoplast origiMtins from a passage 5 
culture of The CFFl5S-92^ fibroblast cell line, to ibis instance, 4 tam-c8ll stage 
reconstmcied csnbryos were transferred to the oviduct the recipient doa. The other 
picgoancy (wiafi) was obtained &om embryos reconstructed accardiag to the Telophase 
enuclcation/aciivaiion protocol, fusing an enucleated cytoplost derived from pn^acdvat^ai 
telophase Ca^" oocytes and Gj karyoplasis origiiLating from a passage 5 culture of the 
CFFI5S-92-6 epithelial cell hnc. la ttiis case, 3 reconsTructcd embryos (1 two-cell stage 
and 2 £bur-c.cll stage) were transferred to ttic oviduct of ttic rocipieat doe. 

No pregnancies wens obs&rved with embryos gcncraicd by the Etbanol 
enucleadon/acuvanon protoeoL However, tmsnbers are not larsc enough to conchade oa 
Tha Tcdative cfScacy of the 3 enuclealion/aciivati-on protocols used in tbis etuiiy. 



Table 2: Induction of preguaney and funber devBlopmcnl fbUowing tranaitr of c^jriae 
embryos reconstructed vndi uransgewic fetal fibroblasts and activated according IQ three 
ptotncols 
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Perinatal Care of Recipient Embryos 

Docs were mtmixcred daily tlirougbDm pfegnancy for ourwarf sigaa of kcalth 
(e.S . appcme, alerm^ss. »ppca«iu;c). Picg«fflcy was deieTmmed ulirusauog«ph 25- 
28 days 3flei The first day of sandrng Do« we« lUtrasounded hiwe=kly till 

appioxinu*oly day 75 and there after once a mofllh 10 mpaitor and assess fral viabiiity . 
AddiuooaUy. recipient docs bad serum samples d^.^«n at appto^mately day 21 post 
standing esmis far «mupn.5e«««,'« "^y^s- This was to dctenninc if a &ncnonmg 
c«pus luteom was present and how this compared to rjic auaal'a icptod^cTive status 
(i.e., pr-Si=^)- At approximately day 130, the pregnauZ docs wwc vacciMwJ with 
teialm toxoid and Clostridimj C&D- Seknium & vltamic E (Ba-Sc) aod vit«im« A, D, 
and B complex wexc given ioixaniuscularly or subcutaneously and a dewonner was 
;uimi«st«ed. The docs wc« TDoVcd to a clean kidding stall on approximately Day 143 
and allowed to acciinuw ^His new environment prior to Adding. Obscrvaiioiw of the 
pregnanx does wen= inocased to monitor &r signs of pending parwiiion. Afl« the 
begjnniug of regular coairacuoa*, tbo do« nawiined raider periodic Qhsavaaon tmijl 
binb 06c«r«L If labor was not progressive after approximately IS minmcs of sw^ng 
contractions the fetal positjon was assessed by vaginal palpation. If the posincm appeared 
uonnal then the labor was allowed to proceed for an additionfli 5-30 miauws (dcpcoding 
on the doe) before iniliatjng an assiswd vagiaal binb. if iiidicated a cesarean section was 
p«fMTn«3. When inditiated, paitmitiDn was induced witb approximately 5-1 0 mg of 
PGF2a (e-g. Lusalyse). This inductiiia can occur approximately between U5-1S5 days 
of gestaxian. Parturition generally occun^ between 30 and 40 hours after tie first 
injecTion. TTie monitotuig process is the same as aesciibcd above. 

Once a 3£id w« bom, tto aniTiua was quickly to^cl dried and checked for gross 
abnannalitiM and normal breathing. Kids were immediaicly rcauxv^d frwa xbc dam. 
Once the aaitnai was dcvctiaiacd to be in good health, the umbilicus was dipped in 7% 
Xinctme of iodine. Within the fct hour of binh, :bc kids received thdr fim feediiis of 
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heat-Treaiefi uolasman- AX ^ ume af bmh. kids received injecliQns of SBlfipiiHn & 
vitamin E CBo-Scl and viimnias A, D, and B complex lo bDost pwfbnnance and heajth. 

The fim iraasgcBic female goat ompring was produced by nuclear oaasfer was 
bam afW 154 days of gestanoa fcllowng the induction of panuriuon and cesareaa 
delivery. The binli wdgbi of ihc oS&pring '*'^ 2-3S kg which is wiAin the medium 
wdgbi range of the aJpine bre«L The fcanajc miw were bom naWiaUy wiMi mimnial 
«sisvsoceaaioatblawrwitoagesiaiioalBngtiiof 151 days- Thehttttwd^his of i»e 
xwiw were both 3.5 kg which are aiSQ wiihin the lacdiimi ww^t rangB Ibr twins of thia 
breed- All Three Idda appeared oonnal and hcalOiy and were phenotypically similar for 
coai coloi and wpressiog maiidnss typii=al of the alpine breed. In addition, all tUree 
oflkpriBg were similar iji appearance lo the transgenic founder buck. No diannguishable 
pheootypic influence &o»» the breed of the donor oocyte (Saanen, Toggenburg breed) or 
The heterogeneous expression of the feul genotype was ottscrvoQ. 



All paicnu and other referepces cited herein are iucorporaUsd by reference. 
Other embodiaicats sx6 wiihin the following cl aims : 
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What i£ claiiae<i; 

1 , A mcihod of prodTtcdag a cloned luarainal, compridTvg: 
n^taini^g . n^anu^li^ xecoz^tsd embryo, wberein Uie goiomc is dmvcd 
frc« a fioin^nc cdl in culture uriiU me emb^^ 

transfening Hxe cpibxyo at the 2 lo 3 c^U stage into a rccipiea^ awnaaai; awi. 
alloKving T]a^ i^nsmxcwi embryo to develop into a msxam^. to thereby pjcdu^^^ 

2. The method af clairo I. wherein the OTbrya is in me 2 Uj 6 cell stage. 

3. The method of claim 2. wherrin the cmbiyo is in the 2 to 4 ceU zm^^ 

4. Th« njrthod of claim I , wtuercdn the eoTriaic cell is a flbrobJasn 

5. The ux^tbod of claim 1, whertsm Ihs somatic tell is an epithelial ceU- 

6. The «iwihod of claim 1, whcrem the somatic ccU is a geaencally 
enfi^iieered sonoadc ccU. 

7. The method of claim 6, whocxn the geaerically m^^^^ som^c ceil 
comprising a transgcoic sctjucaco. 

8. . The mahod of cIeuih 6. wherein a nucleic acid has hcca introdyced into 
the somatic cell- 

9. The; melhnd of claim l> whcrcia ibe niaaroal is an embryonic majmaaj. 

10. The me^od of claiiii 1 . whcrem the mamnsial i* a fetal mammaL 

1 1 . The method of claim I, wheran the juaOTPal is a post natal tnamjnal. 
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12. The method of claim 1, whtfrm the mflmmsl is a goat- 

) 3 . A roe*od of proaucing a transsncic mamBJai, campTising: 

inwniaiws * mammaiian xeconsirucxcd cmbiyo, wh««a th« genome is derived 

ftom a gmerically aw«c.f «l eomauc cell, in culture ontil the embryo is in The 2 lo 8 cell 

stage; 

ttaosfoTing The embryo ai the 2 to 8 cell stage into a iBcipioit jusaaial: and, 
aUowing the nxoiBiruct«l embf>o « develop into a mammal, to thereby produce 

14. The nxe^od of claim 13. wbcrcm the embryo is in the 2 to 6 ceil S^age. 

15. Tie method of claim 14, wbcmD ihe cjabryo is m tbc 2 to * c^ll tosc. 

16. The method of claim 1 3, wTicrcin ihc &oiaajic cell is a fihrablast 

17. Tbc mrthcd of daim 13, Wbcrein ihc somaiic ceU is epithelial ca^ll. 

1 8. Tbe method of claim 1 3 . wherein ihe gcu(uuca]ly ensmeertsd somanc cdl 
comprising a uansgcnic sequaice. 

19. The mahod of c^aim 13, wh^^yein a nucleic acid has been iniioduccd into 
the somatic ceU, 

20. Tbi= in^od of claim 13. wberein the maimnal is aa crribryomc z nmnTral . 

21 . Tbe meihod of claim 13. whercm tije maininal is a fetal roaramia- 

22. The methcjd of claim 13, whexein ihe Tsammal is a posi naxsl saaioinai. 
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Tbe xutiitxod of tlaim 13. whra-on ihe roammal is a female maanroaL 



24. Tbe TTicliiod of claiin 23 , wheiem the mammal can be ixiduced lo lattaxe. 

25. Tliemtsihod of cOi^in 18, wherein *etransEenicsequ^ 
beterologous mmsgaic, ataodcoui, kDocVdn or other event wliicb disn^ts the ospiKsion 

26. The mcihod of claim 1 8. whcnin the iransgeiuc sequence encodes a 
proieiii. 

27. The method of claim 26, wUercin the praicin is a Uusjoaa protein. 

2S. The method of claim 1 S, whciein ^ transgaxic sequence encodes a 
protein selected from ihe group consisung of a HormoGo, aa iiuniiiao£lcb^in, a plasma 
protem, and aa caizyi«=- 

29. The method of c^aini 18, Tvhfcn^ tbn ttsmsgem^ sequfeace is under *e 
cocirol of El pTonics^or, 

30. The lueiiiod of cloiai 29, wlisrein tius pjomoter is a hCTcralogQus pjoxnoxcr. 

31. The method of claim 29, wherein The pfomotfer is a milk specific pitunotci. 

32. The mediod of claim 30. whcrcio die milk specific promoter is selected 
from du: group condstine of a caseiti prommcr, a beta lartoglobulin promoifcr. a whe;y 
acid pimcin promoter and a lactaJbuimn promoter, 

33. A kit comprising a icconsmicied embryo whii=h is in die 2 to S cell stage. 
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Jtt ipvcnrion features meibods of producing a tnwW, e-s-. » or 

calTure unrii the embryo is m tte 2 lo S cell s««e of embiVOgeuesis, transfcmng 
ttjc embryo ar The 2 la S cdl swge into a Kcipienl snammal, and allowing the 
embiyo to develop too a m a im n al. 
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34. Tbc to of claiBJ 33, ftmiiar comprismg insmicuaiiB for producing a 



■jia 



*2 
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